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1.   Introduction. 

This  paper  descrilies  the  results  of  a  series  of 
experinents  on  the  e.fects  of  preseiire,  temperature,  density 
of  pas  and  sine  of  conductor  on  the  fomation  of  corona.   The 
study  of  the  effect  of  pre s Mire  and  temperature  on  corona 
forming  voltare  yiss   begun  by  Pyan  in  1S04.   The  stiidy  v/as 
again  taken  up  in  1909  by  Tfatson.   In  1910  Dr.  'Whitehead  be- 
gan an  investigation  of  the  corona  and  ti:e  v/ork  given  here 
is  largel^an  extension  of  that  in  the  second  of  his  series 
of  papers  on  "The  Electric  Strength  of  Air".   Peek  has  also 
devoted  some  study  to  these  phases  of  the  corona  problem. 
All  the  observers  mentioned  used  alternating  current  except 
Wateon  r/ho  worked  v'ith  direct  current. 

The  purpose  oi  the  present  work  has  been  the  extension 
of  the  earlier  investigatiorj  bet  h  is   to  range  of  pressure 
and  size  of  conductor  and  also  to  obtain  further  information 
on  the  infliience  of  temperature.   Some  observations  were  also 
made  v/ith  carbon  dioxide  as  the  gas  surrounding  the  conductor 
instead  of  air  to  see  what  part,  if  any,  is  played  by  the 
density  of  the  gas. 

The  larger  part  of  the  '.7crk  is  the  study  of  variation 


01  criticr.1,  or  corona  forming,  intensity  v/ith  pressure. 
.-'or  this  v;or>:  conductors  vur/inc  froc  .;.:o8  to  .950  en  in 
dieneter  v/erc  used,  anO.  the  pressure  vas  varied  from  5  to 
110  en  of  nercury. 

2.   Heview  of  Irevious  "^orh  on  Pressure 
and  Tenperatxire . 

This  revie',7  is  confined  largely  to  the  investigations 
on  variation  of  critical  intensity  v;ith  "oressure  anu  ten- 
perature.    Sone  other  points,  hor.'ever,  have  such  an  inti- 
nate  relation  to  these  variations  or  at  least  to  a  study 
of  then  that  they  v;ill  be  nentioned. 

It  was  shovm  "by  Trjan     that  for  the  one  size  of  con- 
ductor v;hich  he  \xsed  the  critical  intensity  is  a  linear 
function,  of  the  pressure  fron  40  to  90  en  of  nercury.   A 
sinilar  relation  Vc  s  shovm  to  hold  for  variations  v/ith 
tenperature  hetween  21  and  95" 3. 

Tatson  puolished  a  set  of  experinents   in  1909  shov:- 
ing  a  linear  relation  betv/een  pressure  and  critical  in- 
tensity for  the  case  of  direct  currents.   His  ranre  of 
pressures  was  fron  360  to  7  60  en  of  nercury  and  in  size 
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Ryan,  Conductivity  of  the  Atnosphere  at  ::irh  Voltag-es, 
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of  condxictoi'E  from    .07  to  .95  cm.   He  also  c^ve   curves 
shov.'ing:  the  rjnoxmt  of  ci-.rrer.t  drav.m. 

In  Dr.  7Thitoheacl's  papers  nnj-oroiis  c\irvcs 
vers   friven  shov/inr-  a  linear  relation  betv/een  critical  in- 
tensity and  pressure  froK  38  to  100  en.   The  condi;ctors 
used  ranred  in  ciirj^ieter  froii  .122  to  .475  cm.   Some  e;-.peri- 
rcents  were  also  made  showing  a  linear  relation  "betv/een 
critical  intensity  and  temperature.   Only  one  size  of  con- 
t'uctor  was  used.   The  ranre  of  temperature  v/as  from  8  to 
410  0. 

It  was  further  shovm  that: 

The  critical  intensity  is  independent  of  free  ionii:a- 
tion,  moisture  content  and  velocity  of  the  air. 

The  visual  critical  intensity  is  identical  v;ith  that 
determined  by  an  electroscope. 

The  critical  intensity  for  clean  round  conductors 
for  a  pressure  of  7  6  cm  and  temperature  of  20**  m;.',y  he  e:;- 
prested  by  a  formula  of  the  form: 

g  =  A  +  -A=  ,  (1) 

7;here  A  and  B  are  constants  and  D  is  the  diameter  of  the 
conductor.   This  formula  is  discussed  in  a  later  paragraph. 

Peelc^  has  given  the  results  of  a  set  of  experiments  on 
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variations  of  critical  intene.itj  v;ith  tenperature  shoving: 
practically  a  linear  lav;  betv/een  -20  and  +140''C.   Ho  has 
also  ijiven  a  t^-enoral  fornula  covering  the  variations  of 
critical  intensity  vith  change  of  tenTieratiire  and  pressure 
for  a  ttibe  and  concentric  conductor  as  follovs  : 


^=31  5(1.^^)  (2) 


where  g  is  the  critical  intensity  in  kilo  volts  per  cr. ,  r 
is  the  radius  of  cond'actor  .r.nd 

^  -   273  .  t  • 
p  being:  the  pressure  in  cri  of  r.ercur;/  and  t  the  temperatr.re 

centi£rrade .   So  f c  r  as  can  bo  found  t;;e  onl^'  statements  he 

has  {riven  concerning  the  influence  of  pressure  on  the  varia- 

4 
tion  of  critical  intensity  is  a  ciirve   giving  observations 

on  a  2.54  cm   conductor  for  nressures  fron  2  to  Of  cm   and  a 
table  of  values  of  ^  and  corresponding  values  of  g  in  clos- 
ing the  discxission  of  his  1912  paper  .   ITo  description  of 
his  r.ethods  was  given. 

Ihe   observations  of  v;hich  the  results  are  given  in 
this  paper  v/ere  nace  in  the  spring  of  1912  before  £or;0  of 
Peek's  rork  was  published.   It  appears,  hov.'ever,  that  there 

■jfl  still  a  lack  of  sufficiently  extensive  data  on  variation 
4—— 
Peek:   Tature  of  Corona,   '"en.  F.loc.  7>viev/.  Dec.  1912. 


^Peek:   Proc.  A.  I.  ::.  E.  i:ov.  1912. 
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of  critical  coronR  intensity*  v/ith  y'rcsrurc  and  siso  of  con- 
duct or. 

3.   Apparatus  and  Equipment. 

?or  the  -^ressiTre  neasiirements  a  20  cr.  iron  tiioe  aljout 
yO  CD  in  leng-th  was  need.   The  ends  were  fitted  v/ith  insula- 
tion caps  abo\it  18  cm  long.   These  caps  \7ere  for  the  doiible 
purpose  of  insulation  f.nci  sealing  for  the  variation  of  air 
presEiire  "both  above  and  below  atmospheric.   A  rotary  air 
punp  enabled  the  tiibe  to  be  evacuated  to  about  5  cm  of 
Dcrcury  in  5  ninutos.  Host  changes  of  fressure  could  be 
cE-ce  in  a  minute  or  two,  but  ov/ing  to  ni-u-erous  joints 
necessary  for  insulation  purposes  there  v-as  present  some 
leakage,  v/hich  necessitated  a  longer  tine  to  e^ihaust  to  the 
lovest  pressure  reached;  anc'  set  the  limit  of  about  5  cm 
as  the  ninimur.. 

A  small  glass  vincov/  v/as  placed  in  the  tube  for  nail- 
ing visiial  observations  of  the  corona,  biit  during  most  of 
t'ne  v/ork  the  gold  icaf  electroscope  v/as  used  for  detecting 
the  point  at  "hich  corona  begins.   This  method  has  been 
described  in  detail  in  the  first  of  these  papers  so  no 
further  description  is  necessary  here.   Fig.  1  shews  the 
general  arrangement  of  the  apparatiis.   The  beginning  of 
corona  is  very  sharply  defined.   A  change  of  one  per  cent 

^W^,.^,rh«r^.(  ;  TtAHb.  fl.l.t.e     XXIX  .  i^^io^  ^.Mi~c). 


or  less  in  the  vo3.tare  nill  craise  the  tine  of  conplete  dis- 
charge to  chanro  fron  aboi;t  e,  half  hour  to  five  secorids. 
Any  difference  hetv/een  the  'hefrinnine'  of  corona  as  ocservcd 
"by  the  eye  arc  "by  the  discharfe  of  the  electroscope  is 
within  this  snail  error  of  ooservation. 

The  observations  on  tiie  influence  of  tenperature  v/erc 
nade  rith  a  similar  apparatus,  except  that  the  tube  v/as  in 
this  case  surroimded  by  a  v/ater  jacket.   Hand  stirring;  of 
the  vrater  v/as  foimc  to  be  sufficient  to  keep  the  temper- 
ature of  the  air  v/ithin  the  tube  uniforr.  to  about  two  de- 
p-rees.   Only  the  smaller  sizes  of  conductor  could  be  used 
in  this  apparatus  ov;ing  to  spark  over  troiibles  occasioned 
by  the  reduced  eise  of  outer  tube.   The  heating  v/as  cone 
by  fas  burners  and  ice  v/as  iiseci  for  g-ettine  reduced  temper- 
ature . 

Source  of  Power. 

The  pov/er  for  all  the  experiments  v;as  draTTn  from  a  10 
Z7^.  ,  100000  volt  transformer.   The  transformer  v;as  operated 
by  a  motor  rene  rat  or  set  of  7.5  7.71   capacity,  the  ren&rator 
field  being  excited  by  a  storare  battery,  resulting-  in  good 
voltage  control.   All  experiments  vere  made  at  a  frequency 
of  oO  cycles.   The  trans forrrier  is  provided  with  a  test  coil 
giving  120  volts  for  100000  volts  on  the  hirh  tension 


terninals  ae  conpxited  Iron  the  ratio  of  prinary  and  secondary 
turns.   This  test  coil  v/rs  ueed  entirely  in  makinp  neasure- 
nents  of  the  voltare.   All  determinations  of  ratio  of 
naxinxm  to  nean  effective  voltare  v/erc  also  obtained  from 
this  coil. 

4.   P.atio  of  Ilazimu-T.  to  I'ean  Effective  Voltag-e. 

For  the  pxirpose  of  checking  the  results  thii?.  ratio  v/as 
determined  by  tv/o  methods.   The  first  makes  iise  of  the 
oscilloj'raph,  the  second  of  a  rotating  contactor  and  the 
principle  of  the  potentiometer. 

The  ratio  was  determined  from  the  oscillorrams  by 
reading  a  number  of  ordinates,  usiially  about  30  or  40  to 
a  cycle.   ?ron  these  ordinates  taken  at  ern-ial  distances 
the  ratio  of  ri8.>;im.um  to  the  square  root  of  11. e  mean  square 
value  v/ae  computed.   The  principal  difficulty  ^7ith  this 
method  is  to  obtain  an  oscillorram  v/ith  linos  sufficiently 
sharp  and  narrow. 

The  contactor  method  is  indicated  in  ?ig\ire  2,  the  con- 
tact wheel  beir.o-  placed  on  the  generator  shaft.   In  the 
actual  apparatus  a  handle  was  provideci  for  readily  shifting 
the  point  of  contfict.   3y  reference  to  the  .galvanometer 
the  contact  can  be  {■■hifted  VLntil  the  closiire  occurs  on  the 
peak  of  the  wave.   Then  t'ne  alicer  on  the  rheostat  is 
moved  until  the  galvanometer  indicates  zero   deflection. 
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The  ree.c'in^s  of  the  continuous  Knd  ulternrttln^'  current  volt- 
meters are  then  taken.  The   ratio  of  their  readings  in  volts 
is  the  ratio  desired,  the  direct  current  voltneter  indi- 
cr.tinp  the  mso-: iniun  voltage  f.no  the  alternating  current 
voltneter  the  nean  effective  value. 

The  chief  difficTxlty  \'ith  this  r.ethod  is  to  keep  the 
source  of  alternating  voltare  sixfficiently  steady  during  the 
time  necessary  for  e.ia   observation.    A  damped  galvanometer 
is  reruired  of  fairly  hirh  sensibility.   Only  the  relative 
calibration  of  the  voltmeters  is  necesfary  since  the  ratio 
is  all  thrt  is  required.    The  alternatinr-  cx:rrent  volt- 
m.eter  used  V&.B   of  the  electrodynanometer  type  and  it  was 
compared  vrith  tl)e  direct  current  voltmeter  by  taking-  the 
mean  of  reading's  v;ith  reversed  polarity. 

Table  1,  of  v.'hieh  Pig.  3  is  a  plot  fives  the  ratio 
of  m£i2:iBtiri  to  mean  effective  voltage  for  IV.e   various  volt- 
ages on  the  test  coil  of  the  transformer  used  in  the  ex- 
periments.  The  valiies  taken  from  the  curve  v/ere  used  in 
making  redtictions  of  readinps  on  critical  intensity. 

figure  4  is  a  reproduction  from  a  typical  oscillo- 
r-ram. 
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rest   Coil  '^^"^^°     -     I'ean  eff.  /^fe^ 


Volts  Oontrc-ctor        Cccillop-raph     From  Oxirve 


4 
7 

10 

15  1.451 

20  1.459 

S5  1.456 

30.  1.429 

35  1.438 

50  1.444 

60  1.421 

75  1.45E 


1.595 

1.400 

1.420 

1.420 

1.450 

1.440 

1.440 

1.445 

1.445 

1.445 

1.445 

1.446 

1.440 

1.430 

1.440 

1.^27 

1.440 
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5.  Variation  of  Oriticul  Intensity  v/ith  Gue  Pressure. 

Fip.  5  shows  the  observed  variation  of  critical  corona 
voltapie  with  pressure,  while  Fig.    6  shov/s  the  corresponding 
variation  of  critical  intensity  conputed  from  the  sane  oh- 
servations.   As  mentioned  'before  0  conductors  varying  from 
.258  to  .950  cm  in  diarieter  were  used.   Above  30  or  40  cm 
prest-are  the  curves  are  nearly  straiprht;  the  curvature  being 
so  slight  as  to  be  v/ithin  the  error  of  cbservt-tion.   They  ex- 
plain, therefore,  the  conclusion  of  the  earlier  parer  that  the 
relation  betv/een  pressvcre  and  critical  intensity  is  linear  in 
this  region. 

The  critical  intensity  ir.  the  electric  field  at  t'le  sur- 
face of  the  inner  eondiTctor.   Its  value  is  given  by  the  fornula 
dV       E 


Z  = 


dr   r  log  ii 


where  X  is  the  critical  intensity,  V  the  potential,  r  and  P. 
the  radii  of  inner  and  outer  conductors  respectively.   This 

nay  be  shc-.Ti  as  f ollov7s  : 

Z=  2_e 

r 

for  an  infinitely  long  charged  conductor  v/here  e  is  the  charge 

per  tunit  length.   The  capacity  of  concentric  cylinders  per 

unit  length  is  given  by  the  fornula: 

X  =    1 

2  log  I 

7or  a  given  differei.ce  of  potential  E  the  charge  e  is  given 
by  the  equation: 
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e 

=  ^^  ^  =   2   lof  $ 

2   e 

Z 
r    ' 

E                         E 

r     ■ 

■    2   log  §     ~  r  log  ^ 

Tables  2  to  10  rive  a  conplctc  set  of  observations. 

Several  readings  were  taken  at  each  pressure  as  shovm  in 
the  readings.   The  pressure  v/as  determined  by  ute  of  a  g-auge  or 
manometer.   This  method  gives,  of  course,  only  the  difference 
of  pressure  betreen  that  in  the  tube  and  atmospheric.   For  this 
reason  it  ^vas  necesrary  to  read  the  barometer  to  obtain  the  ab- 
solute T-.ressure.   The  voltage  v/as  read  by  tv/o  '.'.'ev-ton  altcrnatin,'^ 
current  voltmeters  of  suitable  ranges  connected  to  the  test  coil 
of  the  transformer  as  has  been  stated  before.   In  taking  readings 
the  electroscope  v/as  first  charged  and  then  the  voltage  gradually 
raised  till  the  electroscope  was  suddenly  discharged  as  shov/n  by 
the  fall  of  the  golc  leaf. 

6.  Empirical  Formulae. 

As  stated  before.  Peek  has  given  the  formula 
g  =  31S  (l  ^    0---gg8 
connecting  the  critical  intensity  g  in  kjlo  volts  per  cm 
with  pressure,  temperature  ane  r&.diue  of  conductor.   Figure  8 
shows  cv-rves  for  three  siaes  of  conductor  for  the  tem.pe  rature 
20*0.   As  indicate'i  the  circles  are  oot-^erved  points  v;hilo  the 
fi;ll  lines  are  plotted  from  the  fonr.ula  given  above.   It  is 
seen  that  as  the  foimula  stands  it  coes  not  meet  "fHefllf  observa- 
tions very  closely,  though  it  gives  a  ciirve  of  the  correct 
general  form.  '.By  suitable  changes  in  the  constants  the  formula 
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Table  2. 
,£38  cir.  donauctor. 


Criti- 
Volts  on           cal  Z.V 
Pres-  test  coll  ^riti-    max. 
3aro-      sure       Cor-   cal  Z.V.   at 
iiff.  meter  Tenp.  mm   Pead  rected  Kax. 2Q°C 


997 

711 

997 

11 

997 

11 

997 

11 

9  97 

11 

985 

584 

26 

86 

26 

86 

27 

88 

25 

85 

882 

508 

82 

7 

82 

8 

82 

8 

81 

7 

826 

408 

26 

08 

27 

10 

27 

10 

762 

296 

7  64 

9 

62 

6 

62 

6 

64 

9 

7  09 

204 

C9 

4 

10 

5 

09 

4 

657 

114 

58 

6 

58 

6 

57 

5 

766   18.5   55    4.1 
4.0 

4.0    4.5    5.0      5.0       9.6 
4.0 
4.0 

8.4 

.5 
766       180      .3    8.4   10.0      9.9      18.9 
.3 
.4 

10.9 
11.0 
7  67        259    10.9    11.0   15.2     15.1       25.1 
10.95- 
10.95 

14.1 
7  67       358    4.1    14.2   IV. 1      17.0      52.5 
4.1 
4.1 

17.2 
7.1 
757       470    7.2    17.4   20.9      20.8      39.8 


7.5 
7.2 


19.7 


563 


.6    20.0   24.1     25.9      45. 
.3 


22.2 
2.1 
768       653     2.0   22.2   26.7      26.5      50.6 
2.1 


25.1 
768'       7  68     5.0 


5.0   25.1   30.2      29.9       57.2 
5.1 
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Table  2  (cor.tinued ) 
.238  CK  Conductor. 


Volts   on                            Criti- 
Pres-     test   coil     Criti-       cal  X.V.      Critical 
U£re   Read-                Barom-                sure                 Cor-       cal  X.V.   max.    at        Intens- 
InfTS Diff.      eter     Temp,      ram       Read   rected     nax. 20°C ity  ::.V. 


9 

532 

97 

8 

34 

4 

0 

34 

4 

8 

54 

5 

5 

4  56 

209 

5 

■:5 

10 

5 

65 

10 

5 

66 

09 

5 

408 

307 

4 

08 

6 

4 

09 

5 

3 

10 

3 

4 

09 

5 

7  68 


16.9    1075 


27  . 5 
7.5 

7.5 
7.5 

30.2 
0.2 
0.4 
0.2 

32.7 
2.7 
2.6 
2.7 
2.8 


55.2 


50.4        36.6 


32.8 


i9.5 


32.9 


39.2 


62,9 


69.4 


75.0 
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Table   3 
,516   cm  conductor 


Volts 

on 

Criti- 

Pres- 

tost 

coil 

Criti- 

cal Z.V. 

Criti- 

aufre 

?.ead- 

Dif-r. 

Baro- 
meter 

Terip. 

sure 

mn 

Oor- 
Read  rected 

cal  Z.V. 
max. 

rax .  at 
20"  C 

cal  In- 
tensity 

i:.Y. 

88 

1000 

71E 

760 

13.2 

48 

4.1 

88 
88 

00 
00 

712 
IE 

4.2 
.2 

4.5 

5.3 

5.3 

8.0 

88 

00 

12 

.  L 

88 

00 

12 

.3 

IG 

958 

642 

7.1 
.1 
.0 

16 
16 

60 
60 

4 
4 

7.2 

8.5 

8.5 

15.1 

15 

60 

5 

7  60 

116 

6.9 
7.1 

16 

59 

5 

49 

915 

566 

10.2 
.2 
.2 

48 
48 

15 
15 

V 

7 

760 

193 

10.3 

12.5 

12.3 

18.9 

48 

16 

0 

.2 

48 

15 

7 

.1 

)62 

910 

549 

10.9 

61 
61 

10 
10 

9 
9 

756 

19.8 

207 

.7 
.7 

10.9 

15.0 

15.0 

2C.0 

61 

10 

9 

.7 

61 

10 

9 

.8 

131 

846 

415 

15.6 

31 
31 

46 
46 

15 
15 

7  56 

541 

.  6 
.6 

15.7 

18.9 

10.9 

29.1 

51 

46 

15 

.6 

483 

799 

316 

10.9 

81 
85 

801 
797 

20 
12 

756 

441 

19.0 
19.0 

19.5 

25.2 

25.2 

35.6 

84 

98 

14 

19.1 

04 

98 

14 

19.1 

55C 

760 

250 

22.0 

538 
57 

755 
53 

15 
16 

7  56 

556 

2.4 
2.5 

22.4 

27 . 0 

27  .  C 

41.4 

36 

54 

18 

2.5 

36 

55 

19 

2.4 

-Ifv 


]able  3  (continued) 
.51u  en  conductor 


Volts  on  Criti- 

Pres-  test  coll  :!riti-  cal  Z.V.  Critical 

lUge  ?.ead-       3aro-       sure       Cor-  cal  ;:.V.  Kax.  at   Intensity 

inp-s Siff.  meter  Temp,   mm   P.ead  rected  E&r..  •  20° C. Z.V. 

.5 
7  56        638      .4    25.5    30.7     50.7       47.2 
.4 

£9.2 
756        756     9.9    29.4    55.4    55.4       54.5 
9.9 
9.2 

34.0 
3.9    54.1    41.1    41.1       65.2 
756        914    4.0 
3.9 

38.2 

756       1051     8.2    58.2    46.0    46.0      70.8 


'3 

710 

117 

'2 

10 

18 

'1 

11 

20 

2 

10 

18 

.5 

597 

158 

)5 

97 

58 

4 

97 

57 

4 

97 

57 

.9 

554 

295 

>0 

55 

95 

)0 

55 

95 

50 

55 

95 

8.2 
8.2 


-li 


Table  4 
400  en  conductor. 


L'iff. 


3aro- 
neter  Tecp. 


Pres- 
sure 
ran 


Volts    on        Critical 
test   coil     Z.V.  I':ax. 


Cor-        r^eadUvt 
Head  rected  Se*^.  ;z^'c 


Critical 
Intensity 

Z.V./cm. 


8 

999 

711 

4.4 

7 

99 

2 

rz 

7 

1000 

3 

760 

18.1   48 

.3 

7 

00 

3 

.3 

7 

00 

2 

.3 

1 

951 

630 

8.3 

1 

52 

31 

.4 

0 

52 

52 

7  60 

129 

p 

0 

55 

35 

.*2 

1 

52 

51 

.3 

8 

910 

552 

11.7 

8 

09 

1 

.7 

8 

09 

1 

757 

206 

.8 

0 

09 

T_ 

.8 

8 

09 

i 

.8 

0 

865 

47  5 

15.3 

0 

65 

5 

.4 

0 

65 

5 

7  57 

282 

.4 

0 

64 

4 

.4 

0 

64 

4 

.4 

8 

8E3 

565 

20.0 

7 

24 

7 

20.0 

0 

21 

1 

753 

17.2  389 

0,1 

8 

22 

4 

0.0 

8 

7  62 

234 

25.0 

8 

62 

4 

5.0 

8 

62 

4 

7  55 

519 

4.9 

7 

62 

5 

4.7 

8 

61 

3 

4.8 

7 

713 

126 

28.6 

5 

15 

30 

8.4 

7 

15 

26 

7  53 

626 

8.5 

7 

13 

26 

8.5 

7 

13 

26 

8.5 

4.6 


15, 


5.4 


5.4 


8.4      IC.O      10.0 


11.9      14.5      14.2 


18.7      16. 


20.1      24.2      24.1 


25.0      30.1      30.0 


28.6      34.4      34.2 


7.0 


12.9 


18.3 


24.0 


:i.i 


58.7 


44.1 


-IV 


;able   4    (coiitimied) 
40C  en  condxictor 


iuge   ?.ead-  3aro- 

Inps Diff.   neter     lemj 


Volt 

s  en 

Critical 

Pres- 

test 

coil 

Z.V.  rax. 

Critical 

sure 

Cor- 

He aci  at 

Intensity 

Eun 

Read 

rected 

msz  Xd'c 

v.y./cn. 

35. 5 

y 

3.1 

/ 

7  52 

3.1 
5.C 
5.0 

59.2 
9.4 

25.2 

40. 0  /  59.7 

51.3 

913 

9.0 

9.0 

44.7 

fi.O 

59.1 

46.9   46.6 

50.2 

1089 

5.0 
4.9 

44.9 

54.0   55.6 

69.5 

)7 

7  57 

160 

)7 

57 

50 

)7 

56 

59 

)7 

57 

60 

56 

07 1 

555 

36 

75 

7 

56 

75 

7 

57 

75 

6 

7  52 


755 


55 


-18- 

Table  5. 

.478 

CE  conductor. 

ings 

Diff. 

Baro- 
meter 

Tenp 

Pree- 

sure 

ran 

Test  Coil 
Volts 

:;ritical 

::.v.  i!ax. 

Critical 

Cor- 
P.ead  rected 

Yle&v 

at  20° 

0 . 

Intensity 
Z.V./cn. 

0   984 
0    34 
0    84 
0    84 
C    84 

684 
4 
4 
4 

4 

V57 

£0.2 

V5 

6.0 
.0 

.0    6.2 
.0 
.0 

7.3 

7.3 

8.3 

949 

624 

49 

4 

49 

5 

46 

0 

913 

563 

12 

2 

lo 

3 

14 

5 

15 

3 

918 

467 

19 

69 

IS 

69 

17 

68 

625 

303 

25 

3 

25 

4 

26 

5 

V41 

157 

42 

59 

43 

60 

42 

59 

7  57 


749 


749 


1Z4 


194 


446 


i90 


9.2 
.2 

.0 
.2 

12.4 
.4 

.4 
.3 
.4 

17.1 

16.9 

.9 

7.1 

24.0 
4.2 
4.1 
4.2 

30.2 
.1 
.1 
.1 


17.2 


24.1 


11.1        11.1 


15.0 


20.7 


P.-J,l 


20.5 


28.8 


3C.2         36.4        36.0 


17.0 


40.8 


•49 


749 


57.1 
7.0 
6.9 
6.7 
6.7 


56.9        44.5        44.1 


49.9 


525 

210 

25 

10 

749 

26 

09 

27 

08 

485 

297 

86 

96 

85 

97 

749 

958 


1C4< 


45.5 

45.2 

5.4 

5.5 

49.5 
.1 


45.4 


49.3 


■4.5 


:9.2 


54.0 


58.6 


61.2 


66.1 


-19- 

:LU:ble  6. 
.550  cr.  contui.ctor. 


mc.e   I^ead- 
inr-s 

riff. 

Baro- 
meter 

Ter.p. 

Pres- 
sure 
rnra 

Test    Coil 
Volte 

Grit 

::.v. 

ical 

::ax. 

Critical 

Cor- 
r^ead  rected 

Head 

At   20° 

Intensity 

::.v./cn:. 

'5        951 
'2          51 
•5          51 
■5          51 

it           acLO 

678 
9 
8 
8 

756 

15.5 

7  3 

6.9 

7.0 

7.0        7.2 

7.1 

6.5 

8.4 

8.6 

il 

962 

541 

ji^ 

62 

40 

iZ 

61 

59 

IZ 

61 

59 

56 

920 

464 

35 

20 

5 

56 

18 

2 

57 

17 

C 

Db 

17 

1 

i6 

825 

299 

27 

24 

7 

27 

25 

8 

25 

26 

3C1 

39 

741 

152 

38 

43 

5 

38 

42 

4 

36 

44 

8 

3G 

42 

4 

:i6 


294 


457 


601 


14.9 

15.1   15.1   18.2 
5.0 

5.1 

18.9 

.8   19.2   25.1 

.8 

19.0 

9.0 


26.7 
6.3   26.1 
6 . 6 
6.6 


55.4 
5.2 
5.5 
5.2 
5.3 


52.; 


;5.4   40.2 


18.0 


22.8 


51.9 


59.7 


18.4 


25.3 


52.5 


40.6 


40.3 
755     0.5   40.5   48.6 
0.2 
0.2 


48.1 


49.1 


561 

154 

GO 

5 

60 

6 

61 

4 

514 

:.:52 

13 

4 

11 

7 

11 

7 

12 

6 

47.5 
7.4 
911     7.4   4V.5   57.0    56.4     57.7 
7.5 

50.8 
991     0.8   50.9   60.9    60.2     61.5 
1.1 


0.6 


Table  7. 
658  CD  condr.ctor 


Diff. 

3aro- 
neter 

Temp. 

Pres- 
sure 

Test  Coil 
Volts 

Critical 
Z.V.  I'ax. 

Critical 

aufe  r.eaci- 
inp-s 

Cor- 
■^ead  rectod 

T^oadlat  20° 

4.  c 

Intensity 
y..Y.  /cm 

00   982 
CC    82 
99    82 
99    82 

682 
2 

S 
3 

7  57 

20.2 

75 

6.8 
.8    7.0 
.8 
.85 

8.S 

0.3 

7 . 6 

948 

624 

47 

3 

47 

3 

46 

2 

46 

2 

913 

564 

13 

4 

13 

4 

13 

4 

14 

5 

831 

460 

31 

60 

31 

59 

31 

60 

31 

60 

745 

308 

46 

11 

43 

06 

44 

07 

45 

09 

661 

165 

61 

65 

60 

63 

59 

62 

480 

141 

80 

2 

81 

0 

81 

0 

80 

1 

415 

251 

15 

1 

13 

5 

7  5'i 


1C.6 
.5 
134      .6   10.7   12.8    12.8    11.7 
.  6 


748 


749 


749 


750 


193 


16.4.  288 


441 


585 


■50 


7  50 


891 


14.1 

.2   14.2   17.1    17.1    15.7 

.1 

.1 

.2 

19.8 

.9   20.1   24.2    24.0    22.0 

.8 

.8 

28.0 
7.9 

8.0   26.1   33.9    33.6    30.8 
8.1 
8.0 

35.5 
5.4   5f.4   42.7    42.3    38.8 
5.4 
5.5 

43.4 
3.3   43.3   52.2    51.7    47.5 
3.4 
3.2 

50.5 
.4 

.4   50.5   60. 5    60.0    55.1 

.4 

.1 


55.9 
1002     5.7 


6.0   56.0   67.0    66.4    61.1 


a-ugre  ?.ead- 
inrs 

Diff. 

Baro- 
meter 

T 
.711  en 

Pres 
sxire 

Temp •   mm 

able  8. 
conductor. 

Test  Coil 
Volts 

Critical 

Critical 

3or- 
P.ead  re c ted 

^?5d: 

At 

Intensity 
Z . V . /en 

97    989 
97     89 
97      89 
97     89 
9C     89 

692 

2 
<^ 

3 

756 

14.5   64 

6.8 
.7 

.8    7.0 
.9 
.9 

8.3 

8.2 

7.0 

881 

5C1 

82 

05 

78 

497    7  56 

79 

99 

79 

99 

829 

409 

29 

9 

30 

11 

29 

09 

29 

09 

7  69 

304 

69 

4 

69 

4 

69 

4 

69 

5 

7  08 

199 

09 

201 

09 

1 

IC 

3 

09 

1 

653 

105 

53 

5 

52 

4 

51 

2 

53 

5 

256 


347 


552 


19.1 
.0 
.2 
.1 
.2 

24.4 

4.4 
4.1 
4.4 
4.4 

so.o 

CO 
29.9 

30. C 
0.0 

55.0 
5.  5 
5.7 
5.5 
5.6 

40.9 
0.9 
0.9 
1.0 
0.6 


19.4      23.4   25.1 


24.4      29.4   29.0 


30.1 


..8 


v^.6      42.9    42.5 


40.9      49.2   48.5 


19.7 


24.7 


30.5 


36.1 


41.3 


46.5 
6.5 
6.5 
6.4 
6.5 


46.6      55.8    55.0 


46.8 


520 

120 

20 

20 

20 

20 

19 

21 

458 

224 

59 

5 

59 

2 

57 

6 

57 

6 

876 


980 


52.4 
2.5 
2.5 
2.5 

57.6 

.  6 

.9 

8.0 

8.0 


>2.6      63.1    62.2 


57.9      69.5    68.5 


62.1 


58.4 


Table  9. 
.794  ciE  conductor. 


lad- 


inps 


Be.ro- 
Diff.  netez 


Pres- 

Tesi Coil 
Volts 

:ril 
Z.V. 
Read 

cal 

riax. 
at 

Critical 

sure 

Temp,  ran 

Cor- 
Read  reeled 

Intensity 

::.v./cm 

10.0  79 

8.1 
.2    8.2 

8.1 

9.0 

9.7 

7.^ 

957 
57 
57 
57 


680 
80 
80 
80 


7  59 


916 
18 
18 
IS 
18 

87  5 
75 
75 
74 
74 


610 

10 
10 
12 

10 

534 
4 
4 
3 
3 


149 


225 


13.2 
.1 
.1 
.0 
.2 

13.1 

15.7(15.6 

18.1 
.1 

.1 

18.4 

22.2  22.1 

l:i.3 


17.4 


797 
96 
96 
97 
98 


397 
6 


362 


26.5 
6.7 
6.  6 
6.7 
6.4 


26. i 


32.3  32.1 


25.3 


742 
40 
43 
45 
43 


302 
299 
303 


457 


^2.1 
2.1 
1.9 
1.9 
1.9 


j2.1   38.7  38.5 


3C.4 


iG7 
88 
88 

86 
86 


207 


55i 


17 . 3 
.3 


.5 


57.4    45.1  44.9 


35.4 


630 
50 

51 


110 
0 
2 


i48 


42.7 
2.7 

2.6 


42.7 


51.2  50.9 


40.2 


29 


09 


2.7 


759 


48.9 
8.9 
8.8 
0.0 
8.8 


48.9    58.7  56.4 


46.1 


491 


11^ 


07  6 


;5.2 

.2 

.1 


55.3    66.3  66.0 


)2.1 


-F.3- 


Table  10. 
950  en  Gonductor. 


rdff, 


baro- 
meter 


-  res- 
yure 


-?ert  Coil 
Volts 
Cor- 
Pead  rectocl 


Critical 

X.V.  liaj:.  Critical 

^e  E.C  I  At  Int  ens  i  ty 

:;^*c  i:.v./cK 


903 

682 

as 

05 

SI 

80 

01 

80 

02 

82 

957 

602 

37 

2 

37 

2 

082 

502 

SS2 

2 

02 

2 

82 

2 

80 

0 

80 

1 

025 

401 

24 

0 

24 

0 

25 

599 

23 

99 

765 

297 

66 

9 

65 

7 

65 

7 

758 

250 

38 

1 

38 

1 

36 

48 

56 

40 

7  50 


7  50 


7  50 


750 


16.8 


■50 


7  60 


69 


148 


249 


550 


463 


.8 
.7 

14.2 
.1 
.1 

22.1 

1.7 
1.7 
1.5 
2.C 
1.8 

28.5 
8.2 
8.2 
8.5 
8.5 


21.2   510 


7.9 
8.1 
0.1 
0.1 


14.2   IV. 1 


21.9   26.4   26.2 


20.5   54.5   54.0 


35.0 
5.0   35.0 
5.0 
5.0 


42.2   41.9 


JO.O   45.6   45.7 


6.4 


11.9 


10.3 


25.8 


29.3 


31.9 


758 


20.8 


55.1 
5.1 
3.2 
3.2 
5.1 


65.9   64.0 


44.7 


is  "broiir:ht   into   close   a^reenent . 

Figure   9   ic    plotted   fron  the    formula : 

g  =   35.6  ^(l   +    "j^ 
The    circles   Ehor    the    o"bserved   points   sis   before.      ft    is    seen 


(i3) 


that  v/ith  the  fornula  so  changed  it  represents  the  observa- 
tions about  as  closely  as  the   reac"  in~s  can  be  fallen.   This 
fornula  gives  zero  voltage  for  sero  pressure  provided  r  has 
a  value  greater  than  zero  v/hich,  of  covrsc,  it  hf.s  for  any 
real  ease.  As  the  presort  observations  run  only  as  lov;  as 
4  or  5  en  prestnire,  they  f^;rnish  no  test  on  this  point.   In- 
vestir^ations  are  now  under  xnx;   to  detornine  vhat  becones 
of  the  corona  at  very  lov/  pressures. 

If  in  eqx^.ation  2  the  value  of  5"  f-'t  76  en  pressure  and 
teiaperature  20®  be  substituted  the  follcv.lng  fornula  is 

obtained: 

11.2 

^  "      *   TW 

This  fornula  gives  the  variation  of  critical  intensity 
with  size  of  conductor  at  standard  teraperature  and  "pressure. 
The  curve  in  Pig.  7  is  a  plot  fron  this  equation  while  the 
circles  are  observed  points.   In  Dr.  '.Vhitchoad 's  v/ork  a  fonnula 
of  the  sane  fom  but  v/ith  different  constants  v/as  given, 
nar.ely: 

e»32*i|^  (4) 


The  first  consttint  of  formula  (4)  if  less  thi-n  that  of 
formula  (3)  while  the  second  is  greater,  so  the  difference  is 
largely  one  of  curvature.   YJhat  difference  there  is  over  the 
ran>Te  of  concuctore.  ooterved  is  accounted  for  by  a  snail  dis- 
crepancy in  the  ratio  of  transfomation  of  the  transformers 
used  in  the  earlier  ezperinents  and  the  present  ones.   It  was 
found  "by  trial  in  Dr.   Whitehead's  experiments  that  the  indicated 
critical  intensity  v;ith  the  300C0-volt  transforner  with  which 
those  eivrerinents  were  conc'ucted  v;as  54  Z.  V.  for  a  .545  en 
conductor  and  52.4  for  the  lOOOOC-volt  transfomer  which  was 
used  in  the  present  set  of  ezperiricnts.   These  two  differing 
vf.lues  were  obtained  at  the  same  time  and  with  voltage  from 
the  same  generator.   Allowing  for  this  discrepancy  the  pre- 
sent observations  are  brought  into  close  agreenent  v/ith  the 
older  values.   As  the  purpose  of  this  work  is  the  investiga- 
tion of  the  influence  of  density  of  gas  on  critical  corona 
intensity,  and  as  the  above  discrepancy  coes  not  affect  the 
results  relatively,  ite  elimination  has  been  left  to  later 
observations. 

7.   Variation  of  Critical  Intensity  with 
Temperature • 
T^e  curves  of  Pig.  10  shov/  tiie  variation  of  critical 
corona  voltage  vith  temperature  corrected  to  the  pressure 
7  6  cm.   Table  3  gives  the  data  from  which  the  curves  were 


plotted.      The   vi-l\ies   computed  t.re    fron  tho   formula; 

Teble   5. 


Test  Coil  Volts   Orltici.1  Intensity 
Dian.  of    Tecp. 
Oondiictor    "C    Barometer    Head   Corrected   Obs.    Gomr. 


,238 


.515 


,599 


The  diameter  of  tiioe  used  as  outer  condvctor  in  -Lhese  ex- 
periments v/as  10.5  cm.   The  curves  in  Pig-.  9  are  practically 
straight  lines  ^.s  tlie  ranre  of  temperature  is  not  great  enough 
to  bring  out  any  curvature.   The  agreement  v/ith  tlie  revised 
Peek  CTuation  is  also  ver:/  cl0£C  'r.ere. 


4.0 

7  58 

22.6 

22.6 

60.5 

59.8 

24.5 

760 

21.5 

21.5 

57  . 5 

56.6 

55.4 

7  54 

19.8 

20.0 

55.5 

52.5 

5.7 

7  58 

26.4 

26.4 

57  . 6 

56.8 

24. E 

7  50 

25.0 

25.0 

54.5 

55.4 

50.8 

754 

25.1 

25.5 

50.7 

50. 0 

6.5 

7  58 

£9.1 

29.1 

55.7 

54.2 

24.2 

7  60 

28.1 

28.1 

51.8 

51.5 

51.0 

754 

25.9 

26.1 

48.1 

47.8 

8.   Influence  of  Density  of  the  Kedixira  on  Critical 

Intent- ity. 
A  simple  calculation  fron  the  ^^cs  eqiiation 

pv  =  R  T 
sho'-.-s  that  the  pressure  coefficient  and  temperature  coef- 
ficient interpreted  in  terms  of  the  chanre  in  volume  of 
unit  mass  of  f-as  are  the  se.me .   In  other  r;ords  the  critical 
corona  intensity  in  air  varies  nearly  as  the  density  v/hether 
si;ch  chanre  is  produced  iDy  a  change  of  pressure  or  iemper- 
atxire.   This  idee  is  Implicitly  stated  in  Peek's  enuation 
In  his  density  factor   .   It  must  "be  remern'oGred,  horever, 
thp.t  his  definition  g-ives  only  the  relative  density,  ".'ith 
a  view  to  the  more  definite  meacurement  of  density  as  tlie 
mass  per. unit  volume  we  have  mac'e  some  interesting  pre- 
liminary observations  on  the  corona  in  a  gas  heavier  than 
air. 

In  ?ig.  11  are  shown  two  ci^rves  of  the  variation  of 
critical  intensity  vith  pressxire,  one  in  air  and  the  other 
in  a  mi::ture  of  carbon  dioxide  and  air,  but  containing 
about  90;^  by  volume  of  the  former.   Owing  to  leakage  of 
the  tube  it  v/as  not  possible  to  fill  it  witl:  pure  C)Cp. 

It  is  seen  that  there  is  little  chan,>""-e  due  to  the 
presence  of  the  ClOy  although  its  density  is  about  l.r>  times 


that  of  air.   It  appears  then  from  this  ey.perinent  that  the 
variation  of  critical  intensity  does  not,  in  fact,  depend 
on  the  density,  bi;t  is  ratlier  n  fimction  of  the  separation 
of  the  molcciiles  of  the  pt-s,  since  aceortiinf;;  to  the  lav;  of 
'.vofadro  the  niimber  of  noleculec  in  a  :;iven  volume  of  gas 
is  a  nuiction  of  the  pressure  and  tenperature  only,  and  does 
net  depend  on  th.e  nature  of  the  substance.   The  indication 
frcr.  these  curves  then  is  that  the  relation  of  the  electric 
intensity  c.nd  corona  fornalion  is  found  in  the  average  separa- 
tion of  the  Qolectiles.   This  is  in  fact  a  principle  tenet  of 
-he  theory  of  secondary  ionization  or  ioni:.aticn  by  collision 
as  er.plaining  all  forms  of  spark  discharg-e  in  goses.   A 
further  study  alonr  this  line  nay  throv;  considerable  lirht 
on  sorr:e  phases  of  the  corona"  problem  v-'hich  are  ftill  obscure. 

9.   Comparison  v/ith  Pesults  on  Sparkin{r  Potentials. 

Figure  12  is  reproduced  from  a  paj  er  by  "fatson  on 
"The  Dielectric  Ctrength  of  Air"*^.    The  curves  thoi-  the 
variation  of  the  sparking  potential  between  spheres  v/ith 
variation  of  pressxire.    The  [^ressxxres  range  from  atmospheric 
-T 
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upv/ard  so  that  they  are  not  directly  conparable  v/ith  toe 
pressures  in  t'e  preser.t  t:et  of  corona  e.vperiEents.   Froia 
the  work  of  other  observers,  hovever,  it  is  >:novm  that  the 
curves  6-  tend  dovm  toward  the  zero  until  they  reach  the  so 
called  "critical  pressure".   Upon  further  reduction  of  pres- 
sure the  curves  turn  sharply  upv/ard .   These  critical  -ores- 
sures  vary  vith  the  leng:th  of  fpark  gap,  ranp-inr  from  5.0 
to  C.S  mr.  for  spark  gaps  of  1  to  10  mn,  respectively  . 

It  is  seen  by  referonce  to  the  curves  that  their  gen^^ral 
shape  is  the  sane  as  for  critical  corona  intensity.   The 
chief  question  of  interest  in  both  cases  is  the  departure 
from  the  linear  lavr  as  the  curvature  is  probably  due  to  a 
conron  cause.   By  analogy  v;ith  curves  for  sparking  poten- 
tials it  nay  be  anticipated  that  the  critical  corona  in- 
tensity nay  rise  at  very  low  pressures,  in  fact  it  is 
knovm  that  it  is  difficult  to  get  the  vacxiim  tubo  discharge 
at  very  high  vacua. 

The  resiilts  obtained  '.  ith  corona  in  carbon  dioi^ide 
we ' 0  to  be  anticipated  fron  Paschen's  lav/.   This  lav;  states 
that  the  sparking  potential  depends  on  the  product  of  the 
pree.-ure  ard  the  spark  length.   Curves  plotted  v/ith  products 
of  pressure  and  srark  length  as  absclseae  and  sparking  po- 
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tentials  as  ordinates  are  nearly  tue  t^v.r.e    i^r  i.ir  •-.r.u  -j;  rbon 
dio3:ide  "btit  differ  considerably  for  hydroren.   ITo  atteDpt 
v/as  ?iaoe  to  try  hydrogen  in  the  yresent  set  of  experincnts 
as  tl-e  mediiun  surroimc inr  the  conductor  C'dnrr  to  the  -presence 
of  E-ome  leaka.fe  of  the  tube  -.Yhich  nir-ht  have  resiilted  in  the 
production  of  an  explosive  mixture.   It  is  interesting  to  note 
the  simplicity  of  the  corora  apparatxis  ae  a  r.ethod  for 
studyinr  the  theory  of  gaseoiie  conduction. 

Discussion. 

As  nost  of  the  observed  laws  of  corona  formation  are 
in  accord  v;ith  the  theory  of  ionization  by  collision, a 
brief  statenent  of  soce  of  the  fundamental  experiments  and 
conclusions  of  that  theory  vzill  not  be  out  of  place. 

'Then  two  parallel  conducting  plates  are  connected  to 
a  source  of  potential  difference  and  the  gas  between  them 
ionized  by  Z  rays  or  radium,  it  is  founc  that  a  current 
passes.   Ibis  current  increases  at  first  as  the  potential 
difference  is  increased,  but  later  attains  a  stationary 
value.   1:0  further  increase  of  the  current  v;ith  increasing 
voltage  is  noted  until  a  considerably  higher  volta-e  is 
reached  when  the  current  again  ir.creapies  rapidly  vith  in- 
creasing voltage.   The  intorprot^tion  of  this  phenomenon  is 
that  the  T   raye  produce  ions  tit  a  definite  rate  so  that  the 
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CTirrent  which  ct-n  be  produced  b„'  swooping  out  ell  those 
ion£'  hf.s  e  limit.   The  stationary  valiie  of  the  current 
spoken  of  narks  this  linit.  '.Vhon,  hov/cvor,  t!:o  voltage  "be- 
comes s^ifficiently  hif-h  the  ione  attain  a  velocity  v/hich 
enables  tl:en  to  produce  new  ones  by  colllcion  v.-ith  neutral 
atoms.   This  is  Iznovm   as  ionization  by  collision  or  second- 
ary ionization.   This  theory  of  ionization  by  collision 
accounts  for  the  order  of  mr.gnitude  of  the  critical  corona 
volta.fe  which  in  the  limiting  case  of  plane  sui-faces  is 
appro:^imately  30  Z.V.  per  cm.   The  mean  free  path  of  the 
electrons  is  about  6  x  10""*  cm  at  7G  cm  pressure  and  20" G 
as  has  been  rhovm  by  Tovmsend  and  others.   This  is  about 
5  times  t'le  mean  free  path  of  the  molecules  of  the  gas. 
I'or  the  ordinary  sl?.es  of  concU^ctors  tlie  voltage  over  a 
F.ean  free  path  of  an  electron  is  about  H  volts.   This  in- 
dicates that  the  critical  intensity  is  that  which  gives 
the  ionizing  voltage  of  about  10  volts'  in  a  distance  of 
5  times  the  mean  free  path,  or  in  other  ^'ords  som.e  of  the 
electrons  having  a  free  path  of  5  or  more  tim.es  ti'.e  average, 
start  the  corona. 

The  ionization  theory  failr  to  shov;  v/hy  the  critical 
intensity  varies  with  the  size  of  conc'rctor  and  why  the 
variation  of  critical  intensity  v.'ith  pressure  does  not 
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follow  a  linear  law.   As  ht.r  been  frequently  shovm,  the 

critical  intensity  rises  niiite  rapidly  as  the  size  oi  con- 

dx'.ctor  is  reduced,   xhc  intensity  in  the  ^-as  falls  away  as 

—  where  r  is  the  distance  from  t!:e  center  of  the  conductor, 

r 

and  fron  thif  it  is  reen  that  the  intensity  dininish.es  mich 

nore  rapidly  in  the  inr'edi&te  neig-hlDorhood  cf  a  siaall  con- 
ductor than  a  lar^e  one.   Uevertheless  tr.e  diniimtion  in  a 
distance  of  5  or  10  nean  free  peths  of  an  electron  is 
negligibly  snail  in  any  practical  case. 

"he  corone  begins  and  ends  at  cipproxinately  the  same 
voltage  on  the  enf  wave.   This  indicates  thf-t  the  rate  of 
reconbination  of  the  ions  is  very  great.   It  apjears  pos- 
sible from  this  fact  that  ti:e  corona  v/ill  not  start  until 
the  intensity  is  hifh  enough  over  sor.e  depth  such  as  half 
a  rm  on  account  of  the  great  anount  of  reconbination  v;hich 
goes  on  in  the  neighboring  rpace,  v;herc  the  intensity  is 
too  low. 

Cone  Ills  ions . 
i.    The  critical  corona  fording  electric  intensity  in 
air  has  been  determined  over  the  ranre  of  pressure  5  cm  to 
108  en  of  nercury,  for  9  sices  of  round  conductor  of  dia- 
meters from  .F.3  to  .95  cm. 


2.  A  lev/  observaticns  on  the  influence  of  ternpcratixre 
within  the  rrn-e  of  5°  to  55*  C.  are  also  reoordod. 

5.   The  results  are  in  siibstuntial  a.^-reenent  v/ith  the 
empiricel  relation  betv.'cen  electric  intensity,  yiressure  and 
tecperati'-re  suggested  "by  Pee>. 

4.  Experinents  v/ith  cerbon  dio:>:ide  ini.'^icate  that  the 

critical  corona  intensity  is  independent  of  the  absolute 

density  of  the  g'as ,  but  defends  on  the  nxunber  and  spacing 

of  the  noleculcE,  in  accord  vith  the  theory  of  secondary 

Ionization. 
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Bioprraphical  Note. 
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of  Standiirds  at  'Tashington,  D.  C,  being  now  an  ^sistant 
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kins University  choosing  Physics  as  principal  subject  and 
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